Regulation of the EGFR by calmodulin: mechanism and therapeutic implications by Villalobo, Antonio
Regulation of the EGFR by calmodulin:
mechanism and therapeutic implications
Antonio Villalobo
Instituto de Investigaciones Biomédicas
Consejo Superior de Investigaciones Científicas – Universidad Autónoma de Madrid
Madrid, Spain
Sánchez-González	et	al.	(2010)	FEBS	J.		277:	327-342
San	José	et	al.	(1992)	J.	Biol.	Chem.	267: 15237-15245
Martín-Nieto	&	Villalobo	(1998)	Biochemistry 37: 227-236
Li	&	Villalobo	(2002)	Biochem.	J.	362:	499-505
Li	et	al.	(2004)	FEBS	Lett.	559:	175-180
EGFR-T17
A431
EGFR-T17 A431
IP:	EGFR
WB:	EGFR
WB:	CaM
WB:	IgG
- +							- +
EGF  - +
- +        - +      - + EGF
32P-EGFR
32P-PGT
PMF
EGTA-eluted	fraction
Li	et	al.	(2012)	J.	Biol.	Chem.	287:	3273-3281
Li	et	al.	(2012)	J.	Biol.	Chem.	287:	3273-3281
Li	et	al.	(2012)	J.	Biol.	Chem.	287:	3273-3281
-10 
-5 
0
5
10
15
20
25
30
35
40
0 2 4 6 8 10 12 14 16 18 20 22 24
Time	(hours)
PAE/EGFRwt
PAE/EGFR-CaM-BDdelta
Akt
P-Akt
- 2						5					10				15			30						- 2					5					10				15				30
PAE/EGFR-GFP	wt PAE/EGFR-GFP	(∆CaM-BD)
EGF	(min)
P-PLCγ
P-EGFR
GFP
P-ERK1/2
ERK1/2
Anguita	&	Villalobo	(unpublished) E
GF
-d
ep
en
de
nt
ce
ll
m
ig
ra
tio
n
(a
rb
itr
ar
y
un
its
)
[3 H
]th
ym
id
in
e
in
	D
NA
	(%
)
McLAUGHLIN,	S.,	SMITH,	S.	O.,	HAYMAN,	M.	J.,	&	MURRAY,	D.:	An	electrostatic	engine	model	for	autoinhibition and	activation	
of	the	epidermal	growth	factor	receptor	(EGFR/ErbB)	family.		J.	Gen.	Physiol.	126, 41-53	(2005).
Sánchez-González	et	al.	(2010)	FEBS	J.		277:	327-342
CaM-BD
CaM-LD
C-lobe
N-lobe Activation loop
ActivatorReceiver
180°
CaM-BD
TM – JM segment
CaM-LD
90°
A
Relaxed state
B C
CaM-LD
CaM-BD
Activated	state
Aifa et	al. (unpublished)
645RRRHIVRKRTLRRLLQ660 CaM-BD
979DEEDMDDVVDADEY992 CaM-LD
Martín-Nieto	et	al. (2002)	Rec.	Res.	Devel.	Biochem.	3:	41-58
EGFR
P-EGFR
GAPDH
Fast	Green
EGF- +- +- +- +- + +
EGFR	wt EGFR/	∆	CaM-LD EGFR/Inv CaM-LD
GFP TMR Merge
GFP TMR Merge
EGFR-GFP	wt
EGFR-GFP/	∆	CaM-BD
EGFR-GFP	wt
EGFR-GFP/	∆	CaM-BD
EGFR-GFP	wt
EGFR-GFP/	∆	CaM-BD
TMR	(red)
DAPI	(blue)
TMR	(red)
DAPI	(blue)
TMR	(red)
DAPI	(blue)
Abdelli &	Villalobo	(unpublished)Jellali &	Villalobo	(unpublished)
GFP
10	min
TMR
10	min 10	min
GFP
60	min
TMR
60	min
Merge
60	min
Merge
EGFR-GFP	wt
GFP
10	min 10	min
TMR
10	min
Merge
GFP
60	min 60	min
TMR
60	min
Merge
EGFR-GFP/	∆	CaM-BD
10	µm
10	µm 10	µm
10	µm
10	µm
10	µm
EGFR	wt EGFR/∆	CaM-LD EGFR/InvCaM-LD
60	min 60	min 60	min
2	min 2	min 2	min
EGFR	wt EGFR/∆	CaM-LD EGFR/InvCaM-LD Abdelli &	Villalobo	(unpublished)
Benguría et	al.	(1994)	Eur.	J.	Biochem.	224:	909-916
- EGF+EGF
P-(Tyr)-CaM strongly enhaces the EGF-depedent
phosphorylation of PGT mediated by EGFR
Presence of	Ca2+
Absence of	Ca2+
McLAUGHLIN,	S.,	SMITH,	S.	O.,	HAYMAN,	M.	J.,	&	MURRAY,	D.:	An	electrostatic	engine	model	for	autoinhibition and	activation	
of	the	epidermal	growth	factor	receptor	(EGFR/ErbB)	family.		J.	Gen.	Physiol.	126, 41-53	(2005).
1	
In	the absence of	ligand
EGFR	is auto-inhibited
2
EGF	stimulation:o The low [Ca2+] could favour an ultra-
fast phosphorylation of apo-CaM by
the EGFR.o Generated P-Tyr-CaM could help to
partially activate the EGFR, initiating
the Ca2+ signal.
3 As	the [Ca2+]	rises,	additional phosphorylation of	CaM should come	to	a	halt and	would induce	the
formation of	Ca2+/CaM and/or Ca2+/P-Tyr-CaM complexes allowing complete	detachment of	the CaM-BD	of	
the EGFR	from the inner leaflet of	the plasma	membrane.
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Two-step phophorylation assay:oEGF-activated EGFR	phosphorylates CaM.oPhosphorylation of	PGT	by the receptor.
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